. The following year, a molecular phylogenetic analysis by Mariaux (1998), based on partial sequences of 18S small subunit ribosomal DNA (18S rDNA) resulted in a somewhat different hypothesis, but was itself only partially resolved by strict consensus (Fig. IB) . However, this analysis did not examine the position of the orders Gyrocotylidea, Haplobothriidea, and Lecanicephalidea. The phylogenetic hypotheses derived from these studies show conflict as well as congruence between morphological and molecular evidence, and it is clear that additional data must be brought to bear on the issue logenetic reconstruction commonly have been those of the mitochondria, which have been shown to evolve at a rate of evolution too fast for most studies involving distantly related taxa (Simon et al., 1994). Thus, efforts have recently been aimed at identifying slowly evolving, protein-coding genes from the nuclear genome. Friedlander et al. (1992) , for example, identified 14 nuclear protein-coding genes as potential candidates for systematic studies at higher taxonomic levels. Phylogenetic utility was evaluated, in part, by the base identity of the genes among published insect and mammalian sequences. Among the 14 genes, Ef-l a was found to have the highest level of nucleotide conservation and was thus suggested as a promising candidate gene. In comparison with 18S rDNA, however, the phylogenetic utility of the Ef-la gene remains largely unexplored, and only 
MATERIALS AND METHODS

Collection of specimens
Fresh specimens of 23 species representing the 14 orders of tapeworms recognized by Khalil et al. (1994) were collected or obtained for DNA analysis and stored in 95% EtOH at 20 C. A systematic listing of the taxa sequenced, their hosts, and collection localities is given in Table I . Additional individuals of most taxa were preserved in 10% neutral buffered formalin and stored in 70% EtOH for identification and voucher deposition. Formalin-preserved specimens were stained with hematoxylin, dehydrated in a graded ethanol series, cleared in xylene, and mounted in Canada balsam for identification by light microscopy. Voucher specimens have been deposited in the Connecticut State Museum of Natural History in the Department of Ecology and Evolutionary Biology at the University of Connecticut, except for specimens of Diphyllobothrium stemmacephalum and Tetrabothrius forsteri, which have been deposited in the United States National Parasite Collection (Beltsville, Maryland) under accession numbers 86992 and 86991, respectively.
DNA isolation, PCR amplification, and gene sequencing
Genomic DNA of whole worms -1 cm long was extracted following the method of Coen et al. (1982) . For a few of the smaller taxa, such as Echinobothrium fautleyae and Tetrabothrius forsteri, it was necessary to pool multiple individuals in order to extract sufficient quantities of template DNA for polymerase chain reaction (PCR) amplification. Genomic DNA from worms larger than 1 cm in length was extracted from either partial or entire specimens using the CTAB/DTAB protocol of Gustincich et al. (1991) . Prior to extraction, all specimens were rinsed thoroughly in 95% EtOH and lyophilized to facilitate grinding of the tissue.
The entire 18S rDNA gene was amplified by PCR in 2 overlapping fragments, a 1,100-bp fragment using primers 18S-E and 18S-A27 and 
Data analysis
Sequence format, data partitioning, and rooting: NEXUS-formatted sequence data files were created using the SeqLab program. Mask sequences (text strings of Os and Is) were used in the SeqLab global alignment file in order to designate sites for removal upon exporting the alignments. Regions of the 18S rDNA gene where gaps were greater than 2 bp in length, or which contained missing data for 1 or more taxa were also removed. Likewise, a noncoding (intron) region of the Ef-la gene and regions where gaps were greater than 2 amino acids in length (i.e., 6 bp), were removed from the alignment prior to analysis. The SeqLab editor was used to translate the Ef-la nucleotide data into the corresponding amino acid residues using the standard nuclear eukaryotic amino acid translation table.
Both parsimony and distance-based phylogenetic analyses were performed using PAUP* version 4.01b (Swofford, 1998). The sequence data were divided into 7 different partitions in order to examine the effects on tree topologies of the 2 different genes, the 3 codon positions of Ef-la, and combinations thereof. The 7 partitions analyzed were: (1) 18S rDNA only, (2) all codon positions of Ef-la, (3) first and second codon positions of Ef-la, (4) second codon positions of Ef-la, (5) amino acid residues of Ef-l a, (6) 18S rDNA combined with first and second codon positions of Ef-la, and (7) 18S rDNA combined with Ef-lao amino acid residues. Each data partition was examined by chi-square analysis for the possibility of erroneous groupings of taxa due to amongtaxon base frequency heterogeneity. Different outgroup taxa were used to root the branching networks depending on the data set being analyzed (see above). Gyrocotyle rugosa was removed from all analyses that included Ef-la data because of the excessive amount of undetermined sequence for this taxon (see Appendix B). Because of the lack of both 18S rDNA and Ef-la sequence data for any 1 outgroup taxon, combined analyses had to be rooted using the functional outgroup (Watrous and Wheeler, 1981) taxon, Spathebothrium simplex, based on the basal position of this taxon in prior independent analyses using nontapeworm outgroup taxa.
Parsimony analyses: The nucleotide and amino acid character data were analyzed under the optimality criterion of maximum parsimony. Heuristic searches were performed on each data partition using the random addition sequence and tree bisection reconnection branch-swapping options in replicates of 1,000 in order to maximize the chances of finding the most parsimonious topological arrangement of the taxa. Analyses were run with all characters treated as unordered and unweighted. Alignment gaps were treated as missing data. Nodal support was assessed by both bootstrap resampling (Felsenstein, 1985) and decay analyses (Bremer, 1994) . Bootstrap values were generated using 100 resampling replicates, with 10 heuristic searches per replicate. Decay indices were generated with the nonproprietary software program AutoDecay, version 3.0.3 (Eriksson and Wikstrom, 1995). Ten heuristic searches were run for each topological constraint defined by the AutoDecay command file. Minimum evolution analyses: Pairwise distance data estimated by the method of maximum likelihood and log-determinant (LogDet, Lockhart et al., 1994) or paralinear transformations were generated and analyzed by the method of minimum evolution (ME) as a means of examining possible systematic error influencing the analyses by parsimony. These analyses were restricted to the nucleotide sequence data partitions; no attempt was made to analyze the amino acid sequences using distance methods. For each data partition, the previously determined, single most parsimonious tree or 1 of the set of previously determined most parsimonious trees was used as an unrooted topology with which to test the fit of each nucleotide substitution model implemented by PAUP*. These models were: Jukes-Cantor, Kimura 2-parameter, Felsenstein, 84/Hasegawa, Kashino and Yano, 85, and General time-reversible (GTR). In addition to testing each of the 4 models alone, estimates of among-site rate variation were incorporated using (1) an invariant-sites model (I), (2) a gamma model (F), and (3) both an invariant-sites and a gamma model (I + F). Log-likelihood scores for the 16 possible combinations were compared by chi-square analysis (Page and Holmes, 1998). For each data partition analyzed, the GTR substitution model, including estimates of invariant sites and gamma (GTR + I + F), was found to be the best fit and was subsequently used for all maximum likelihood estimates of genetic distance.
The LogDet transformation was used in conjunction with the value for proportion of invariable sites estimated by maximum likelihood (LogDet + I) as an additional means of estimating genetic distances for the ME analyses, even though only 1 of the data partitions was found to have significant nucleotide bias among the taxa (see results). It was useful to use LogDet because it has a lower variance (although the GTR model fit the data best). Bootstrap values were generated by performing ME analysis on 100 resampled replicates of each data set. Minimum evolution analyses, based on maximum-likelihood estimated distances using the GTR + I + F model of nucleotide substitution, and those based on LogDet-transformed distances incorporating the estimate of invariant sites (LogDet + I), are referred to in the text simply as GTR and LogDet, respectively.
RESULTS
Primary structure of the 18S rDNA sequences
The primary structure of the 18S rDNA sequences showed considerable variation in length among the ingroup taxa. Whereas the average sequence length was 1,986 bp, the length of sequences among the ingroup taxa ranged from 1,844 bp in Echinobothrium fautleyae (Diphyllidea) to 2,382 bp in Schizo- choerus liguloideus (Amphilinidea). The majority of this variation was contained in the V4 and V7 regions (Table III) , although the V2 region also showed considerable variation in length among certain taxa (Appendix A). Schizochoerus liguloideus had particularly long inserts in both the V4 and V7 regions. In the V2 region, however, Tetrabothrius forsteri (Tetrabothriidea) possessed unique inserts in the loop regions of stems 10 and El0-1. Outside of the variable regions, the sequences were highly conserved and a majority of sites was found to be invariant among the ingroup taxa. The 2 cestodarian taxa, Gyrocotyle rugosa (Gyrocotylidea) and S. liguloideus, possessed a unique insert in the V4 region spanning positions 1,025-1,075. However, there was no apparent homology between the sequences of G. rugosa and S. liguloideus in this region, and the alignment was considered tentative. Average nucleotide composition of the sequences showed a slight bias of purines (26 and 27% of adenine and guanine and 23 and 24% of cytosine and thymine, respectively). However, chisquare analysis of base frequencies did not indicate significant base frequency heterogeneity among taxa.
Primary structure of the Ef-1a sequences
Sequence length of the coding region of the portion of the Ef-1a gene determined was 825 bp on average, ranging from 793 bp in Hepatoxylon sp. to 844 bp in Macrobothridium sp. among the ingroup taxa (Table III) . Relative to the 18S rDNA sequences, length variation of the region determined for Ef-la was low. A 31-52-bp intron (positions 583-634, indicated by a bar in Appendix B) was found only among the ingroup taxa, with the exception of the cestodarians, Gyrocotyle rugosa and Schizochoerus liguloideus, and the eucestode species Spathebothrium simplex (Spathebothriidea), which, like the outgroup taxa, lacked this intron. Outside of the intron region, length variation was found in only 2 regions, a 6-bp insertion or deletion at positions 280-285, and a larger region spanning positions 451-508, for which potential homology among sites was not apparent. In both cases, however, the length variation corresponded to complete losses or gains of amino acids (i.e., the length of inserted alignment gaps was divisible by 3).
Over 98% of third codon positions were found to vary among the taxa, accounting for half of the total amount of variability in the region of Ef-l a analyzed. First codon positions accounted for 28.7% and second codon positions 19.7% of the total sequence variability. Nucleotide composition of the region was nearly equal for each of the 4 bases when all codon positions were considered and averaged among the taxa. However, first and second codon positions together showed a bias of purine bases and second positions alone were biased for adenine and thymine, on average. Base frequency heterogeneity was not found to be significant in either data partition. In the data partition including all codon positions, chi-square analysis indicated significant heterogeneity of base frequencies among the taxa, with Amurotaenia decidua and Schizochoerus liguloideus being outliers on either extreme. Separate chi-square analyses of among-taxon base frequency heterogeneity of the 3 codon positions indicated that only the third codon positions showed significant heterogeneity among taxa.
Phylogenetic analyses
General comments: A numerical summary of the results of analyses by parsimony is shown in Table IV . Phylogenetic estimates differed among the 2 genes, the different data partitions of the Ef-l a gene, and the different methods of analysis. However, nodes with high levels of character support were recovered from most or all data partitions and methods of analysis. Results of the various analyses are discussed below and dendrograms are shown for some analyses (Figs. 2-4) . Support for monophyly of specific subgroups of taxa by the different data partitions and methods of analysis is summarized in Table V. Analyses of 18S rDNA: Parsimony analysis of 1,338 total sites of the 18S rDNA gene resulted in a single tree ( Fig. 2A ) 965 steps long with a consistency index (CI) of 0.62 and a retention index (RI) of 0.5. Using the monogenean outgroup taxa Pseudomurraytrema sp. and Polystomoides malayi, the monophyly of the ingroup was strongly supported, as were the positions of the amphilinidean and gyrocotylidean taxa as basal in position between the outgroup and eucestode taxa. Spathebothrium simplex (Spathebothriidea) was found to be the most basal of the ingroup taxa. With the exception of the trypanorhynch taxon, Tentacularia sp., the remaining eucestode taxa formed 2 sister clades: a clade including the caryophyllidean, diphyllidean, haplobothriidean, and pseudophyllidean taxa, as well as the other trypanorhynch taxon (Hepatoxylon sp.), and a clade including the cyclophyllidean, lecanicephalidean, nippotaeniidean, proteocephalidean, tetrabothriidean, and tetraphyllidean taxa. Bootstrap support was low for most nodes in this tree. Exceptions included the nodes separating the outgroup from the Cestoidea and the cestodarians from the Eucestoda and the nodes supporting the 2 pseudophyllidean taxa, Diphyllobothrium stemmacephalum and Schistocephalus solidus, the litobothriidean taxa Litobothrium alopias and Renyxa amplifica, and a clade uniting members of the orders Cyclophyllidea, Nip- Results of ME analyses of the 18S rDNA data partition varied between the 2 methods of estimating the genetic distances. LogDet analysis yielded a topology (Fig. 2B ) largely consistent with that resulting from analysis by parsimony and had greater bootstrap support. The parsimony and LogDet analyses differed in that some taxa formed sister pairs in the LogDet analysis, whereas they were "ladderized" in the parsimony analysis (e.g., compare the positions of Spathebothrium simplex and Tentacularia sp.). GTR analysis, however, produced a topology inconsistent with the results of either the parsimony or LogDet analyses, in that the lecanicephalidean and litobothriidean (tetraphyllidean) taxa were found at the base of the ingroup clade, and the gyrocotylidean, rather than the amphilinidean, taxon was basal to the remaining ingroup taxa. Otherwise, the topologies resulting from both GTR and LogDet were congruent. Branch lengths of internal nodes (Fig. 2B ) were estimated to be considerably shorter than those of terminal branches.
Analyses of Ef-lao: Analyses of the Ef-la data gave differing results depending on the data partition analyzed. In each analysis, the trees were rooted using the turbellarian Dugesia japonica and also included the digenean Schistosoma mansoni and the monogenean Neomicrocotyle pacifica as outgroup taxa. Parsimony analysis of all codon positions (748 characters) resulted in only 2 equally parsimonious trees, but had the lowest CI and RI of any of the data partitions (0.34 and 0.33, respectively). Unlike the other Ef-l a data partitions analyzed, monophyly of the Eucestoda was not supported by analyses of all codon positions because of the placement of Hunterella nodulosa (Caryophyllidea) among the outgroup taxa and the placement of Schizochoerus liguloideus (Amphilinidea) among the eucestode taxa. Extremely high levels of homoplasy attributable to saturation at the third codon position suggested that these data were not phylogenetically informative, and results from this data partition were given little consideration. Parsimony analysis of second codon positions alone (249 characters) resulted in 40 equally parsimonious trees (EPTs), a strict consensus of which left resolution only among the lecanicephalidean, proteocephalidean, and tetraphyllidean taxa and a sister relationship between the tetrabothriidean and cyclophyllidean taxa.
Opposite of the third codon positions, second codon positions were, in isolation, too conserved to provide an adequate number of variable sites.
Parsimony analysis of first and second codon positions ( Fig.  3A ; 499 characters) supported the monophyly of the Eucestoda and the basal position of Schizochoerus liguloideus as the sister taxon to the eucestode clade. Monophyly of the trypanorhynch taxa, Hepatoxylon sp. and Tentacularia sp., was supported by parsimony analysis but not by ME analyses, in which case the Trypanorhyncha was found to be paraphyletic. In the LogDet analysis (Fig. 3B) , Tentacularia sp. was intermediate between a clade consisting of Hepatoxylon sp. plus the caryophyllidean, haplobothriidean, and pseudophyllidean taxa and a clade consisting of the remaining eucestode taxa. Although both ME analyses supported the basal position of Spathebothrium simplex within the eucestode clade, parsimony analysis supported a more derived position of the spathebothriidean taxon. Similar to the 18S rDNA analyses, the topology of the ingroup taxa showed a largely diphyletic pattern of evolution in which the "difossate" and "tetrafossate" orders formed separate clades. Also congruent with the results of the 18S rDNA analyses was the support for a clade including the caryophyllidean, haplobothriidean, and pseudophyllidean taxa and a clade including the cyclophyllidean, nippotaeniidean, and tetrabothriidean taxa. In addition, the proteocephalidean taxon was placed within a paraphyletic Tetraphyllidea.
Parsimony analysis of the amino acid translation ( Fig. 4A ; 247 characters) resulted in the highest CI and RI (0.57 and 0.48, respectively) of the 4 Ef-la data partitions (Table IV) . Results were congruent with those from analysis of first and second codon positions combined, except for the following differences: the amphilinidean was placed among the outgroup taxa, and the spathebothriidean was placed as the sister taxon, followed by the caryophyllidean, to the remaining eucestodes. Parsimony analysis of both the amino acid, as well as the first and second codon data partitions, supported a sister group relationship between the lecanicephalidean taxa and a clade including the cyclophyllidean, nippotaeniidean, and tetrabothriidean taxa. Most other data partitions supported a position of the lecanicephalidean taxa closer to the tetraphyllidean taxa.
Analyses of 18S rDNA and Ef-la combined: Parsimony analysis of the 18S rDNA data combined with the first and second codon positions of Ef-l a (1,872 total characters) resulted in 6 EPTs 1,759 steps long (CI = 0.45, RI = 0.37). Parsimony analysis of the 18S rDNA data combined with the Ef-lao amino acid data (1,599 total characters) resulted in 2 EPTs 1,146 steps long (CI = 0.63, RI = 0.45). Strict consensus of the 2 EPTs is shown in Figure 4B . Trees resulting from the analyses of the combined data partitions were highly congruent, although some differences were found. For example, analysis of 18S rDNA combined with first and second codon positions of Ef-la supported a position of the caryophyllidean taxon at the root of the tree, whereas the 18S rDNA combined with the Ef-lac amino acid data supported its position at the base of a clade including the haplobothriidean and pseudophyllidean taxa. The trypanorhynch and diphyllidean taxa showed the greatest instability in placement. Monophyly of the trypanorhynch taxa was either not supported or was ambiguous. Both GTR and LogDet analyses of the nucleotide data supported the position of Hepatoxylon sp. as a member of a clade including the haplobothriidean and pseudophyllidean taxa, whereas parsimony analyses of both combined data partitions supported a more derived position of this trypanorhynch species. Monophyly of the 2 cestodarian taxa was examined using only the 18S rDNA data partition due to a lack of Ef-la sequence data for the gyrocotylidean Gyrocotyle rugosa. All methods of analysis supported the position of these 2 taxa between the more basal monogenean outgroup taxa and the eucestode taxa ( Fig. 2A, B) . However, monophyly of the "Cestodaria" (Amphilinidea + Gyrocotylidea) was not supported. Nodal support separating the ingroup taxa from the outgroup taxa and separating the eucestode taxa, including the caryophyl- lidean and spathebothriidean, from the amphilinidean and gyrocotylidean was strong. However, the relative positions of the amphilinidean and gyrocotylidean taxa with respect to one another was weakly supported and differed among analyses. Trees resulting from both analysis by parsimony and by LogDet placed the amphilinidean Schizochoerus liguloideus basal to G. rugosa, but GTR supported the opposite arrangement (i.e., the gyrocotylidean was basal to the amphilinidean).
DISCUSSION
The position of the amphilinidean was also examined by analyses of the Ef-l a data. Like the 18S rDNA data, analyses of Ef-la supported a position of the amphilinidean between the outgroup taxa and the eucestode taxa (Fig. 3A, B) , except in the analyses in which third codon positions were included. The position of the cestodarian orders outside of the Eucestoda is further supported by the lack of an intron in the Ef-la sequences of S. liguloideus, G. rugosa, and the outgroup taxa (although the intron was also found to be lacking in the eucestode taxon Spathebothrium simplex).
The basal position of the Amphilinidea relative to the Gyrocotylidea found herein has not been hypothesized previously. This result was not well supported, however, and may have been influenced by the extreme divergence of the 18S rDNA gene of Schizochoerus liguloideus relative to the other taxa. Such divergence can lead to problems associated with longbranch attraction (Felsenstein, 1978) . As can be seen in Figure  2B , the relative length of the terminal branch leading to S. liguloideus is as long as those of the more distantly related outgroup taxa, whereas the terminal branches of the eucestode taxa are comparatively short. The GTR + I + F model of sequence evolution attempts to "correct" for such extremes in evolutionary rate heterogeneity among taxa (Sullivan et al., 1995; Swofford et al., 1996), and indeed, the GTR analysis of the 18S rDNA data supported a basal position of the Gyrocotylidea relative to the Amphilinidea (just the opposite of the results of parsimony and LogDet analyses). Although the method of parsimony may be subject to systematic error in situations in which long branches are shared by distantly related taxa (termed the "Felsenstein zone"), likelihood-based approaches are known to repel long branches and are similarly subject to systematic error in situations in which long branches are shared by closely related taxa, recently termed the "Farris zone" (Siddall, 1998). Two species of pseudophyllideans were included in the analysis: Diphyllobothrium stemmacephalum and Schistocephalus solidus. Monophyly of these taxa was supported by nearly all analyses (Table V) . Both species are members of the family Diphyllobothriidae, which are unique among pseudophyllideans in part because they utilize tetrapods, rather than fish, as definitive hosts. The analysis of Mariaux (1998) indicated paraphyly of the order. Specifically, he found the Diphyllobothriidae to form a lineage basal to a lineage uniting the other representatives of the Pseudophyllidea included in his analysis (Fig. 1B) . This is in contrast with the works of Freeman (1973) (Fig. 1A) , with the orders Diphyllidea and Trypanorhyncha occupying medial positions between the basal difossate lineages and the more derived tetrafossate lineages. In contrast, Mariaux (1998) found the Trypanorhyncha to form the most basal lineage of polyzoic tapeworms, followed by the order Pseudophyllidea. The position of the Diphyllidea was unresolved by strict consensus of the trees resulting from his analysis (Fig. 1B) .
Establishing the phylogenetic position of the trypanorhynchs and diphyllideans based on present analyses was similarly problematic. Among data partitions and methods of analysis, the most consistent result was that members of these 2 orders were consistently placed between the more basal spathebothriidean taxon and a more derived tetrafossate clade. Thus, they were found to be either part of, or near, a difossate clade including the pseudophyllidean, haplobothriidean, and, in most instances, the caryophyllidean taxa. Hepatoxylon sp. consistently formed the basal lineage of this clade (Figs. 2A, B, 3A , B, 4A), whereas Tentacularia sp. was often placed in either a basal ( Fig. 2A, B Simultaneous analysis of the 2 diphyllidean taxa was tested only using 18S rDNA data because of the lack of Ef-la sequence data for Echinobothriumfautleyae. All methods of analysis of the 18S rDNA data partition supported the monophyly of the 2 diphyllidean taxa (Table V) 
Relationships among the tetrafossate orders and their kin
The tetrafossate orders include those groups whose members possess scolices bearing 4 bothridia, suckers, or combinations thereof. These include the Cyclophyllidea, Lecanicephalidea, Proteocephalidea, Tetrabothriidea, and Tetraphyllidea. Members of these groups, however, exhibit considerable variation in their scolex (especially lecanicephalideans and tetraphyllideans) and proglottid morphology. Monophyly of the representatives of the tetrafossate orders listed above was generally supported in the current study (Table V) , but this group generally included the nontetrafossate species Amurotaenia decidua (Nippotaeniidea). The tetraphyllidean species, Rhinebothrium maccallumi, however, exhibited considerable instability in its phylogenetic placement and was most often the sole taxon responsible for refuting the monophyly of a tetrafossate clade. Within the tetrafossate clade was consistently found a clade consisting of the cyclophyllidean, nippotaeniidean, and tetrabothriidean taxa ( Table   V) (Fig. 1B) . In the present study, all data partitions and methods of analysis strongly supported a clade consisting of the cyclophyllidean, nippotaeniidean, and tetrabothriidean taxa. Although the exact branching order of the 3 taxa was not universally supported, it nonetheless seems clear from these results that the tetrabothriideans are closer to the order Cyclophyllidea than to the Tetraphyllidea. Among the eucestodes, only cyclophyllideans and tetrabothriideans utilize tetrapods as their primary host group; the remaining eucestodes and their relatives are predominantly parasites of fishes. The derived position of these 2 orders within the Eucestoda is consistent from a phylogenetic perspective with the more recent origins of the major tetrapod groups relative to the origins of the fishes.
In the past, the nippotaeniideans have generally been thought to occupy a basal position within the Eucestoda owing largely to their "primitive" scolex, which consists of a single terminal sucker. All data partitions and methods of analysis in the present study showed strong support for the position of the proteocephalidean Proteocephalus perplexus closest to the tetraphyllidean species Anthobothrium laciniatum, Calliobothrium sp., and Platybothrium auriculatum. Furthermore, the majority of analyses showed these 4 taxa to form a monophyletic group (Table V) (Table V) . This was due not only to the inconsistent placement of Rhinebothrium maccallumi outside of the group, but also to the placement of the proteocephalidean Proteocephalus perplexus within a clade including the tetraphyllidean species Anthobothrium laciniatum, Calliobothrium sp., and Platybothrium auriculatum. Analyses of the 18S rDNA data partition supported a basal position of R. maccallumi, with respect to the other phyllobothriid and onchobothriid taxa, but still placed the taxon within the tetrafossate clade. Its position outside of a tetrafossate clade and its grouping with the diphyllidean taxon Macrobothridium sp. based on the Ef-l a data partitions (Figs. 3A, B, 4A) is highly questionable and may have been influenced by its relatively divergent Ef-la sequence (Fig. 3B) . The taxonomically problematic genus Rhinebothrium deserves further consideration using molecular data because it may well represent one of the early lineages of the Tetraphyllidea. Although the cladistic analysis of Caira et al. (1999) showed the Tetraphyllidea to be paraphyletic, monophyly of the family Onchobothriidae was supported. In the present study, however, monophyly of the 2 onchobothriid species Calliobothrium sp. and P. auriculatum was supported only by ME analyses of 18S rDNA and by parsimony analysis of Ef-lt amino acid sequences (Table V) . Other analyses showed the family to be paraphyletic. Monophyly of the 2 phyllobothriid species A. laciniatum and R. maccallumi was not supported by any of the analyses in the present study ( Table   V) (Table V) . Together, these taxa generally formed the basal lineage of a clade including the lecanicephalidean, proteocephalidean, and tetraphyllidean taxa, minus R. maccallumi. However, in a few analyses they were separated from the other tetraphyllidean taxa by the lecanicephalideans. From both a morphological and genetic perspective, the litobothriideans appear to be as distinct from the more traditional members of the Tetraphyllidea as do the lecanicephalideans, and ordinal status of the Litobothriidea may be warranted at least until a monophyletic assemblage of "tetraphyllideans" can be better circumscribed.
A close relationship between the Lecanicephalidea and Tetraphyllidea has long been recognized. Nonetheless, most workers have considered the lecanicephalideans to represent a distinct lineage (Wardle and McLeod (Figs. 3A, 4A ). In the analyses herein, the lecanecephalideans, like the litobothriideans, are positioned close to, but outside of the Tetraphyllidea, the position of Rhinebothrium maccallumi notwithstanding. These results also confirm the taxonomic position of Eniochobothrium gracile, listed as incerte sedis by Euzet (1994a), as being within the order Lecanicephalidea.
Utility of 18S rDNA and Ef-la data for cestode systematics Analysis of both the 18S rDNA and Ef-la sequence data showed strong support for relationships among species closely related taxonomically (e.g., Diphyllobothrium stemmacephalum and Schistocephalus solidus) and for nodes uniting the more recently diverged major lineages (e.g., Cyclophyllidea, Nippotaeniidea, and Tetrabothriidea). Nodes separating basal lineages were typically weak, and this lack of character support was predominately responsible for the differences in results found among the 3 methods of analysis (Table V) . Neither the complete 18S rDNA sequences nor the partial Ef-1 a sequences appeared to be significantly more informative, and separate analyses resulted in similar patterns of nodal support, both weak and strong. Perhaps the primary difference in the phylogenetic content of the genes is related to the distribution of variable sites. Among-site variation in Ef-l a was largely constant, with only 2 short coding regions that showed higher levels of variation, including insertions and deletions, and 1 intron region (Appendix B). Typical of the 18S rDNA gene, however, variation was highly skewed with a majority of sites strongly conserved and, interspersed among them, distinct regions showing variation at all taxonomic levels. By and large, both genes appeared to do well at the level of order; that is, nodal support grouping representatives of the same order was generally strong. Conversely, implications of paraphyly were strongly supported as well. This was also evident from the analysis of 18S rDNA by Mariaux (1998). Indeed, it may be in the circumscription of natural groups at the ordinal level that data from these genes will be most valuable in cestode systematics. This will require a considerably broader sampling of taxa than presently available for molecular analysis (however, see Mariaux (1998) with regard to the Cyclophyllidea).
Within orders, present data are insufficient for most groups to evaluate their utility at this taxonomic level, although it is likely that it will depend greatly on the order in question. Using the same conserved regions of the 18S rDNA gene, Mariaux (1998) was able to achieve significant resolution among species of cyclophyllideans, whereas no resolution was obtained among species of proteocephalideans. Moreover, comparison of partial 18S rDNA sequences of a large number of tetraphyllidean taxa (Olson et al., in press) shows the differences in the level of variation among genera to be similar to that among eucestode orders.
There is no doubt that great disparity exists in the ages and degrees of divergence both within and among the major lineages of tapeworms, and such extremes are unlikely to be encompassed by the phylogenetic content of any single gene locus. Still, current results indicate that the early radiation of the basal lineages may have evolved in a relatively short period of time, insufficient to have left behind a large number of phylogenetically informative characters, either molecular or morphological. It is necessary, then, that specific gene loci be targeted for recovering more restricted branching patterns, such as that of the basal lineages and of more problematic taxa, such as Diphyllidea, Trypanorhyncha, and the larger Tetraphyllidea, including Lecanicephalidea, and Proteocephalidea. Knowledge from a combination of gene loci may eventually enable the construction of a "super tree" (Wilkinson and Thorley, 1998), in which compatible components are linked to form a complete phylogeny for the Cestoidea, well supported across basal and distal nodes alike. . . 
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